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TEMPERATURE CONTROL ELEMENTS, SPINDLE ASSEMBLY, AND 
WAFER PROCESSING ASSEMBLY INCORPORATING SAME 

BACKGROUND OF THE INVENTION 



The present invention relates to wafer processing assemblies and wafer handling 
equipment wherein a wafer is coated or otherwise processed while supported on a 
rotary wafer support. There is a continuing drive in wafer processing applications, 
particularly in semiconductor wafer processing applications, to increase processing 
uniformity and accuracy. Accordingly, there is a continuing need for improved wafer 
processing schemes. 



This need is met by the present invention wherein specialized temperature 
control elements, spindle assemblies, and wafer processing assemblies are provided to 
improve wafer processing uniformity and accuracy. In accordance with one 
embodiment of the present invention, a heat regulating element is provided comprising 
a regulating element frame defining a fluid inlet and a fluid outlet; and a fluid conduit 
extending from the fluid inlet to the fluid outlet. The fluid conduit defines a substantially 
cylindrical heat regulation void. The heat regulation void defines an inside diameter 
selected to accommodate an object subject to heat regulation by the heat regulating 
element and a circumferential gas flow path between the object and the fluid conduit. 

In accordance with another embodiment of the present invention, a rotary 
spindle assembly is provided comprising a rotary drive motor, a rotary spindle coupled 
to the rotary drive motor and a heat regulating element. The heat regulating element 
comprises a regulating element frame defining a fluid inlet and a fluid outlet and a fluid 
conduit extending from the fluid inlet to the fluid outlet. The fluid conduit defines a 
substantially cylindrical heat regulation void. The heat regulation void defines an inside 
diameter selected to accommodate an outside diameter of the rotary spindle and a 
circumferential gas flow path between the rotary spindle and the fluid conduit. 



SUMMARY OF THE INVENTION 
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In accordance with yet another embodiment of the present invention, a rotary 
spindle assembly is provided comprising a rotary drive motor, a rotary spindle coupled 
to the rotary drive motor, a heat regulating element, a liquid source, a temperature 
sensor, and a controller. The heat regulating element is arranged about the rotary 
spindle and comprises a regulating element frame defining a fluid inlet and a fluid outlet 
and a fluid conduit extending from the fluid inlet to the fluid outlet. The fluid conduit 
defines a substantially cylindrical heat regulation void and the heat regulation void 
defines an inside diameter selected to accommodate an outside diameter of the rotary 
spindle and a circumferential gas flow path between the rotary spindle and the fluid 
conduit. The liquid source is coupled to the fluid conduit and the temperature sensor is 
coupled to the rotary spindle assembly. The controller is coupled to the liquid source 
and the temperature sensor and is programmed to be responsive to a temperature 
signal generated by the temperature sensor. 

In accordance with yet another embodiment of the present invention, a wafer 
processing assembly is provided comprising a rotary spindle assembly, a wafer support 
secured to the rotary spindle so as to be rotatable therewith, and wafer processing 
bowl. The rotary spindle assembly comprises a rotary drive motor, a rotary spindle 
coupled to the rotary drive motor, and a heat regulating element. The heat regulating 
element comprises a regulating element frame defining a fluid inlet, a fluid outlet, and a 
fluid conduit extending from the fluid inlet to the fluid outlet. The fluid conduit defines a 
substantially cylindrical heat regulation void, and the heat regulation void defines an 
inside diameter selected to accommodate an outside diameter of the rotary spindle and 
a circumferential gas flow path between the rotary spindle and the fluid conduit. The 
wafer support is secured to the rotary spindle so as to be rotatable therewith. The 
wafer processing bowl is arranged about the wafer support and defines an exhaust gas 
flow profile of the wafer processing assembly. 

In accordance with yet another embodiment of the present invention, a wafer 
processing assembly is provided comprising a rotary spindle assembly, a liquid source, 
a temperature sensor, a controller, a wafer support, and a wafer processing bowl. The 
rotary spindle assembly comprises a rotary drive motor, a rotary spindle coupled to the 
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rotary drive motor, and a heat regulating element arranged about the rotary spindle and 
comprising a regulating element frame defining a fluid inlet, a fluid outlet, and a fluid 
conduit extending from the fluid inlet to the fluid outlet. The fluid conduit defines a 
substantially cylindrical heat regulation void and the heat regulation void defines an 
inside diameter selected to accommodate an outside diameter of the rotary spindle and 
a circumferential gas flow path between the rotary spindle and the fluid conduit. The 
liquid source is coupled to the fluid conduit. The temperature sensor is coupled to the 
rotary spindle assembly. The controller is coupled to the liquid source and the 
temperature sensor and is programmed to be responsive to a temperature signal 
generated by the temperature sensor. The wafer support is secured to the rotary 
spindle so as to be rotatable therewith. The wafer processing bowl is arranged about 
the wafer support and defines an exhaust gas flow profile of the wafer processing 
assembly. The dimensions of the circumferential gas flow path between the rotary 
spindle and the fluid conduit are selected to avoid substantiaMe ^dation of t he 
exhaust gas flow profile. 

In accordance with yet another embodiment of the present invention, a method 
for regulating heat generated by a rotary spindle assembly is provided comprising the 
steps of inputting a temperature signal generated by a temperature sensor and 
controlling a liquid source as a function of the temperature signal. The rotary spindle 
assembly comprises a rotary drive motor, a rotary spindle coupled to the rotary drive 
motor and a heat regulating element arranged about the rotary spindle. 

In accordance with yet another embodiment of the present invention, a method 
of processing a wafer in a wafer processing assembly is provided comprising the steps 
of inputting a temperature signal generated by a temperature sensor, controlling a liquid 
source as a function of the temperature signal, and establishina^d imensions of a 
circumferential gas flow path between a rotary spindle and a fluid conduit to avoid 
substantial degradation of a wafer processing assembly exhaust gas flow^profile. The 
wafer processing assembly comprises a rotary spindle assembly including a heat 
regulating element, a wafer support secured to the rotary spindle so as to be rotatable 
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therewith, and a wafer processing bowl arranged about the wafer support and defining 
the exhaust gas flow profile of the wafer processing assembly. 



In accordance with yet another embodiment of the present invention, a heat 
regulating flange is provided comprising an upper surface, a lower surface, a flange 
5 body defined between the upper surface and the lower surface, a passage extending 
through the flange body from the upper surface to the lower surface, a fluid inlet, a fluid 
outlet, a fluid duct defined in the flange body and extending from the fluid inlet to the 
fluid outlet, and a temperature sensor positioned in thermal communication with the 
flange body proximate the passage. 

f3 

1 0°q In accordance with yet another embodiment of the present invention, a rotary 

?0 spindle assembly is provided comprising a rotary drive motor, a rotary spindle coupled 
U to the rotary drive motor, and a heat regulating flange secured to the rotary drive motor. 
°C The flange comprises an upper surface, a lower surface, a flange body defined 
W between the upper surface and the lower surface, a rotary spindle passage aligned 

150 about the rotary spindle and extending through the flange body from the upper surface 
to the lower surface, a fluid inlet, a fluid outlet, a fluid duct defined in the flange body 
O and extending from the fluid inlet to the fluid outlet, and a temperature sensor 
n positioned in thermal communication with the flange body proximate the rotary spindle 



spindle assembly is provided comprising a rotary drive motor, a rotary spindle coupled 
to the rotary drive motor, a heat regulating flange secured to the rotary drive motor, a 
liquid source, and a controller. The heat regulating flange is secured to the rotary drive 
motor and comprises an upper surface, a lower surface in contact with the rotary drive 

25 motor, a flange body defined between the upper surface and the lower surface, a rotary 
spindle passage aligned about the rotary spindle and extending through the flange body 
from the upper surface to the lower surface, a fluid inlet, a fluid outlet, a fluid duct 
defined in the flange body and extending from the fluid inlet to the fluid outlet, and a 
temperature sensor positioned in thermal communication with the flange body 

30 proximate the rotary spindle passage. The liquid source is coupled to the fluid duct. 




passage. 



20 



In accordance with yet another embodiment of the present invention, a rotary 
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The controller is coupled to the liquid source and the temperature sensor and is 
programmed to be responsive to a temperature signal generated by the temperature 
sensor. 

In accordance with yet another embodiment of the present invention, a wafer 
5 processing assembly is provided comprising a rotary spindle assembly, a wafer support, 
and a wafer processing bowl. The rotary spindle assembly comprises a rotary drive 
motor, a rotary spindle coupled to the rotary drive motor, and a heat regulating flange 
secured to the rotary drive motor. The flange comprises an upper surface, a lower 
surface, a flange body defined between the upper surface and the lower surface, a 
10Jj rotary spindle passage aligned about the rotary spindle and extending through the 
tfl flange body from the upper surface to the lower surface, a fluid inlet, a fluid outlet, a 
p fluid duct defined in the flange body and extending from the fluid inlet to the fluid outlet, 
^ and a temperature sensor positioned in thermal communication with the flange body 
m proximate the rotary spindle passage. The wafer support is secured to the rotary 
15f 3 spindle so as to be rotatable therewith. The wafer processing bowl is arranged about 
the wafer support and defines an exhaust gas flow profile of the wafer processing 
o assembly. 

□ In accordance with yet another embodiment of the present invention, a wafer 

processing assembly is provided comprising a rotary spindle assembly, a liquid source, 

20 a controller, a wafer support, and a wafer processing bowl. The rotary spindle 

assembly comprises a rotary drive motor, a rotary spindle coupled to the rotary drive 
motor, and a heat regulating flange secured to the rotary drive motor. The flange 
comprises an upper surface, a lower surface in contact with the rotary drive motor, a 
flange body defined between the upper surface and the lower surface, a rotary spindle 

25 passage aligned about the rotary spindle and extending through the flange body from 
the upper surface to the lower surface, a fluid inlet, a fluid outlet, a fluid duct defined in 
the flange body and extending from the fluid inlet to the fluid outlet, and a temperature 
sensor positioned in thermal communication with the flange body proximate the rotary 
spindle passage. The liquid source is coupled to the fluid duct. The controller is 

30 coupled to the liquid source and the temperature sensor and is programmed to be 
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responsive to a temperature signal generated by the temperature sensor. The wafer 
support is secured to the rotary spindle so as to be rotatable therewith. The wafer 
processing bowl is arranged about the wafer support and defines an exhaust gas flow 
profile of the wafer processing assembly. 

In accordance with yet another embodiment of the present invention, a method 
for regulating heat generated by a rotary spindle assembly is provided comprising the 
steps of inputting a temperature signal generated by a temperature sensor and 
controlling a liquid source as a function of the temperature signal. The rotary spindle 
assembly comprises a rotary drive motor, a rotary spindle coupled to the rotary drive 
motor, and a heat regulating flange secured to the rotary drive motor. 

In accordance with yet another embodiment of the present invention, a method 
of processing a wafer in a wafer processing assembly is provided comprising the steps 
of inputting a temperature signal generated by a temperature sensor and controlling a 
liquid source as a function of the temperature signal. The wafer processing assembly 
comprises a rotary spindle assembly, a wafer support secured to the rotary spindle so 
as to be rotatable therewith, and a wafer processing bowl arranged about the wafer 
support, the wafer processing bowl defining an exhaust gas flow profile of the wafer 
processing assembly. The rotary spindle assembly comprises a rotary drive motor, a 
rotary spindle coupled to the rotary drive motor, and a heat regulating flange secured to 
the rotary drive motor. 

In accordance with yet another embodiment of the present invention a rotary 
spindle assembly is provided comprising a rotary drive motor, a rotary spindle coupled 
to the rotary drive motor, a heat regulating element, and a heat regulating flange 
secured to the rotary drive motor. 

In accordance with yet another embodiment of the present invention, a wafer 
processing assembly is provided comprising a rotary spindle assembly, a wafer support, 
and a wafer processing bowl. The rotary spindle assembly comprises a rotary drive 
motor, a rotary spindle coupled to the rotary drive motor, a heat regulating element, and 
a heat regulating flange secured to the rotary drive motor. The wafer support is 
secured to the rotary spindle so as to be rotatable therewith. The wafer processing 



-6 of 32 -- 




sis: 

XJXi 

15n 



20 




Docket No. - MIO 0071 PA 

bowl is arranged about the wafer support and defines an exhaust gas flow profile of the 
wafer processing assembly. 

Accordingly, it is an object of the present invention to provide improved heat 
regulation elements, spindle assemblies, and wafer processing assemblies. Other 
objects of the present invention will be apparent in light of the description of the 
invention embodied herein. 



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
The following detailed description of the preferred embodiments of the present 

invention can be best understood when read in conjunction with the following drawings, 

where like structure is indicated with like reference numerals and in which: 

Fig. 1 is a schematic illustration of a wafer processing assembly incorporating a 

heat regulating flange according to one embodiment of the present invention; 

Fig. 2 is a schematic illustration of a wafer processing assembly incorporating a 

wafer backside heat regulating element according to one embodiment of the present 

invention; 

Fig. 3 is a detailed three dimensional illustration of a heat regulating flange 
according to one embodiment of the present invention; and 

Fig. 4 is a detailed three dimensional illustration of a wafer backside heat 
regulating element according to one embodiment of the present invention. 
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DETAILED DESCRIPTION ^ fc 

Referring «* io Figs. 1 and 3, -^ S ; wafer proces , ng assembly 

„ copses a rotary spind,e as-« ^ ^ support 70 , and a wa 
(illus trated schematically by am,* « a -n g ^ drive to r 22, 

passing bowl 80. The rotary spm « > ^ ^ ^ 

a ro W spindle 2. coupled Io me rotarv d - ™ fey ^ wafer support 70. For 

30. A wafer 75 is illuslraled in a secured a *P ^ ^ ^ M . flange 

" uprises and piece of harfware h d ^ ^ 60 m ere,y 

to an adiacen. piece of hardware or harfwa ^ ^ Qf me 

grated schematically and is lyP-lly mere P ^ ^ detai , herein , 

tne control 60 may comprise a conlrol « 10 . 

Th e beal regulating flange 30 ,s - ^ ^ , 

.ermallycoupledlherelo. ~ ^ r 22 , and a flange body 33 defined 
surface 32 in contact with the nttff * e "» rotary spindle passage 34 . 

upP er surface 31 to .be lower surface 3* A ^ ^ ^ feed p , pes .2 

duc t 37 are defined in the flange body 33- ^ ^ , 6 

are provided in duct 37 may be defined by mach,n,ng 
Referring specifically to Fig- 3. ^ respec tive 

wrth the bores of the flu,d duct 7 The Ac cordingly. in the 

embodiment illustrated in F,g. 3, the end 
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aspect to the passage 34. communication with me flange 

A temperature sensor 38 ,s pos,t,o ^ the 

^ 33 proximate me rotary spindie « £ ^ ^ ^ ^ ^ ^ 

' opposite the rotary drh,e motor 22. « s o ^ ^ for 

h0 „ever, that the temperature sen*,. may e P ^ ^ ^ ^ me 

providing a signa, indicative o, t h e temp- tu. . o ^ the 

Lge body 33. inciuding positions remote from bu 

flange body 33. (he , iquid ^urce 40 and the 

,„ operaflon. the controiier 60 . coup ^ ^ s , gnal 

generated by the temperature sensor 38. M „ and may 

provides tempera,ure«eedbacMrom the ^ ^^.o.any other sensor 

responds to the feedback s,gnai by contrf g ^ ^ ^ R |n „ ne wth 

the fluid flow rate through the flmd duct 37 

the fluid duct 37. temperature sensor 38 may 
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rfa ce 32 and ,o bacK . <be channe, or bore with a convention* RTV 
the lower surface 61 ana iu 

composition. spindle 24 so as to be rotate 

The wafer support 70 ,s secure ^ ^ ^ 70 and 

"process^ °" ^'^ ^ assembl y 10. Thespecfic 
de flnes an e*haus. gas flow pro* < ^ J ^ 80 are beyo nd the 

arranged of .be wafer support conventiona , wafe r process 

s-pe of «he present invention „ re of which „ 



scope ot me fc 7 r»f; 99^ 

i„ 1 1 c Patent No.\ 5,70o,^o, 

p Ln. invention is iUustrated. Tbe „ defming . flu, inie, 54. 

. fluid oufle, 5 , ,e, region void 55 and 

5 e. Tbe fluid condu, t5 8de,^ ^ 4 

the heat regulaton vo,d 55 defines ^ ^ g 

se ,eced to accommodate an outside diameter of t be ro ^ ^ ^ ^ 

fthe dimensions of tbe circumference, gas flow pat 59 ^ ^ ^ 

Ldtbefluidcondu^ar^^^ 

l substantial degradation of the «»* P dle M and tbe fluid 

b0 w, 80. For exampie. if the spacing between > ^ ^ gas flow 

moving between the rotary spmd, 24 and ^ contamlnation . 
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„ at h 59 and void 55 would bo defined by the p ^ ^ ^ |nlet 54 and 

variety of <orms other thantub^ ^ ^ 

bv a ring ohu* 51 and further defines a. leas 0 ^ ^ ^ , n 
!i, hecircun*^^^ 

l mm unica,ion«i.htheciroum f erent,^ £.« nd th e rotary spindie 24. Indeed,, 

ca rv to support the des»red amount neC essary. The gas 

H^---— : 

supply of inert gas. 
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The controller 60 may be arranged to monitor the temperature of the fluid in the 
fluid conduit 58 to provide an additional temperature feedback signal. In which case, it 
may be preferable to provide an independent fluid supply for communication with the 
fluid conduit 58 of the regulating element frame 52 and to control the independent fluid 
supply in response to the temperature feedback signal. 

In operation, wafer backside heat regulating element and the heat regulating 
flange are utilized to stabilize the temperature of the various components of the wafer 
processing assembly 10, 10' and to make more uniform the temperature profile of a 
wafer subject to processing thereby. Temperature regulation is achieved by controlling 
the fluid supply to heat regulating flange 30, the heat regulating element 50, or both. 
For example, the controller may be programmed to alter a rate of flow of fluid through 
the fluid duct 37, the fluid conduit 58, or both, or may be programmed to alter the 
temperature of fluid in the fluid duct 37, the fluid conduit 58, or both, in response to a 
temperature signal generated by the temperature sensor. The present invention may 
incorporate a single liquid source coupled to the fluid conduit and the fluid duct or 
individual liquid sources coupled independently to the fluid conduit and the fluid duct. 

Having described the invention in detail and by reference to preferred 
embodiments thereof, it will be apparent that modifications and variations are possible 
without departing from the scope of the invention defined in the appended claims. 

What is claimed is: 



- 12 of 32- 



